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A method for making fen-oelectric thin filnn form capacitors that maintains the insulating characteristics of 
the thin film capacitors fomned on the semiconductor devices while reducing the leakage current and 
ensuring a yield sufficient for applications to ULSIs such as DRAMs. A metal or oxide thereof, which 
contains structural elements of a metal forming the ferroelectric thin film, is fomned as islands in the initial 
stage of formation or during the formation of a fen^oelectric thin film in semiconductor devices. This 
suppresses the formation of columnar crystals. 
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(2) 

1 

xmt. 
t. 

R«. I^DT 1 XttT i ©K{k«lT*-5l$tlFi»*0«H 

mIt2TSgmffi±fc»mttOSlfJg^J^^-r^Xgi:, 
icSrajS-tt^Xgi:. 

H(iE»«^®±(c3ii««fl^»as*j^*-r5xst. 

Xgi. 

^S2J6iiSO^SlCTgS«ffi*}P«t--5XSt. 

^i2TS8ma±n»sft®»«s*jg)5ic-r5xst. 
jgfig-r-sxst. 

^t*l^»SS*}^fi!cT-5Xet, 

gfigES£$iii]^bTAi)i5^2(D!dEim^i9se$<sa^)£ so 


1 7 9 3 9 

2 

(»*«6] miB3fiSI«{*:»«tt. (Ba. Sr)T 
i Oi , SrTlOj . BaTlOi . (Pb. La) 
(Zr. Ti) O3 , Pb (Zr. Ti) Oj . PbT 

(ill*«8] fltrl23*SS««^»l8tt. (Ba. Sr)T 
1 Oj . S r T 1 Oi , B aT i Oj , (Pb. La) 
(Zr. TI) Os , Pb (Zr. Ti) Oj . PbT 

103 ^o«w*^&a«nzt-r>. ^tt. cnsttiBfs 

IC®1R S -B-S xe S^O #9l#:gBOl!ii* 

©»«HS®lc^HK^}fA«jS^Jg«L. Mir. SiiSI 
a»»K»rRiRS-e-ixes^ty¥»«JSfi©fi)i:* 

10 0 0 1] 

Jr. >J-i7mg5$/jN$< L^^^sim<t:»®^-&tr#3l 
[0 0 0 2] 

[e£*ft^l53 ****^^B<0ie5^«MbirftioT^O 
(0^A'/^->^*«i£JS;a:^''f:^-5-y^;i^'J (DRAM) 
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3 

g^nrti-S. liftl^iJiiLTtt. m?Hi (P. J. Bhatla 
charyalf, Jpn. J. Appl. Phys. Vol.32 (1993) pp.410 
3-4106) I?*«±tf6n^. 
[0 0 0 3] 

tacharyal?OH^lCJ:5(i:, PtSS±C (Ba, S 
r) TlOs («T. TBSTJ tlS»f-5. ) RSJg 

Km^*«J3 0 0 S?6figT^^C:t?Jt^}-d»oTli-5. bA> 

L s I rofi«ica-r-5gs<o*sr) 'sttffi-r^ictt+^j- 

[0 0 0 4] i|ig|{^gH, 1$lCDRAMTtt/hffi 

HM-r-Sfctt, €*3»Tti:^«5^(Z):*:^t» (Ba, S 
r) TiOs ^Pb (Zr. TI) Oj 

^co-:;&-C'J-^mS5(0:*:^Vit>ro*t^<, dra 
M^(DULs I \zmm-x!^^m&<r>^'SK>t:^^-r:tfs. 

[0 0 0 5] 

£tTW$0<-CS^. *5?^lC;feV»T, a^«ft»BlOJg 
[0 0 0 6] 

[fPffl] ±j£(D^IBtC.fcn«, DRAM^(0+-\'/X->^ 
JlitUTDRAM©'J7U-y>'3. • i; )Vi:&m\Z-r 

[0 0 0 7] 


(3) 1$M¥8-1 7 93 9 

y^SICioTj^jS 0 nmjgfig-r^). -tUT, 2 0 0n 
m^RJPWP t 4*;^/^-;/3'j£IC<kt3TJgJ5KUT. BS 
TK5SBST-fe75y5':^0^-y«;/ h**«fflHTO 
2 /A rS^^Xt-C*?j2 0 0 nm©KJPtlt8[-r«. 
SffiSffi«. tt6 5 0*CTKJ^dt*fTVv BST8S*i!g 

a{ks-&*. cinn. 5 0 os-CBtTTj^^^nsi^s 

HBST©Jt««**tiWl 8 t, ISSfk^-a-fcBST© 

-€-©«^wi*fttt. ieaBST8e®'j-:i7««*t#«ic 

(TEM) SfflVsfc)»«f^«aW4*tt«)PU 
BSTKO'J-i'ttSStt. BSTK5© 

•3lt. S^IC. ClOBSTKcDifefifettHUcSSCWl: 

a? c:n»cj:o. BSToftttieatt. T«ioiiea«jSK:fK 

10 0 0 8] 02 3 Sffl (r»T*56?B<7)-IISS0!l?& 
!ft?q-r-5. H2tt. B S TK^ffi{Cft«©T i ^lSa$ 
-B-;ttt!!8$^T. iOpjiET-St. K{k->'Jn>®2© 
^ffitcgj^St bT«tB-r^)T i K3 Affile J: 

50 oTii^S 0 nmjg^b^^. 2 0 0 nm©©P<DPt4 
S;:^Ay^ffilCJ;oT}^J«-r^. iE-(DSI. BST|g5?£r 
BST-t75yi7X^-yy h^fflV^TO: /Ar®-& 
1 0 0 nmOiWkmzmmt^. -e©!S(Z)S« 
iiffi«#?l6 5 0*ClC«^BST§e5$i|ga^S-&-5. S 
C, 6 5 0'CT^3'>KT i 6Sffi*T»<. rj3nm 

[0 0 0 9] H3«. ^$ia<*:»K<i:/i<bSDOBST 
K7i£HJr02 /Arig^;«fXtfT*«Jl 0 OnmOKJ? 
40 lCit«-r^)XSH$^-r. H^O$n<BSTK®a«i|g 

a<o^g»Sc:e.;S:v». cinfi. ft«©T i 6*t-eo^ 

®BSTK<0ieajJ^^fiT4[5©^ (CORE) lz1S.':>1th 

rotfii^sn^Ti^^T^-s. att©T i 6«, a«6 5 

OX:a)BSTga7 0!)}g^lS-C, 5*ttt7<OBSTK 

«cKiHsn4:it*t#<. mz\z7Fit^ois.m'ittn. 
H*ufc<tp{cttttjsa<o«fitt«iiHsn,.Rj^« 

ft. Ip-6. 0iro«|ja©KlcH:«LTlFUVi'J-i'eM 
50 ©«il>*tS«)6n<E». 


—275— 


CO 0 1 0] 0 *|^Jg0!llC;fett5SSI«K+-vA 
->^'©«JE^t«ffi1$ttroH:«*^-r. (a) tt, fSg*:^ 
ffi-C}B/£Lit«ft6<j4ftt$^U. (b) «, 

Jr. a£*OKTttBllin«JE 1 . 5xpJUhT4xlO' u 
A/cm' *»?q©||JSfflrtt, [^^®WftI«JE 

[0 0 11] EI5 7IrSEI7«. *^?^<!D»J®SIJSM«^ 
■r. ±IE^ffiOTTtt. a«®T I 6*}^dcL/)i:«. BS 
TSg7*6 5 Ortt^piea^kdtfi^lSfiftTJg^L 

fc. ^mmm-c\i. ^<DBSTK**r*fta®«jBT 

3«:XA<v^'fe(C±-pTiW5 OnmJgjSbT. -E-©±{C 
2 0 0 nmCDK^?®? t 4 SJ^^y^y rJ'SfC JctyTJ^jST 
4. -E-©^. B ST)K5*BST-lr75 5/i'X3'— y-v 
hSrfflV^TOz /Arg^;*?;^»Hflt|'-C*51 0 Onm 
(7)Ki?iClt«TS. iE-cOfB. S«fiStt*<j6 5 0*CfC« 
STK5S:iKSfl;S-a--5, JEIC, 6 5 0*CT?^^'> 
KT i 6 &ffi*T»<, #5 3 nrnffiaifta^-fr^ae 
•C, T 1 6 »J*1^lC^S:(DSttlC}g^$n-5. 
[0 0 12] H6tt. g|DcDBSTK9*5 0 

0'C©iea^t*<S:i6.;5:«r»jaS-C, 02 /Arg-^jt/X 

SKa+-c*«j 1 0 0 nmcDmrnizmmLftrnm^TFit. 
str. 6 5 ot:<DBS9RSB8fi4'-c*!]3 o^i-ra3»5aa?-r* 

t. ±fBIIJgfi'JlCJtLTJ;0/h3?a:iieSfeS5&-r5BS 
1 0 ^ JgfiK U;tSliitS0 7 iC^-r. Stt©T 1 6 75^ 
ie(D'^<D B S TK©iiea*i^g-r^)l5oeE t/S: 0 $ 

B s TK}g^^<z>«^a^bxaj: o ^m^is&& 

T i 6«a^. -e©^©6 5 0"COBST 1 owj^ijas 
Ig-C. 5 SfclJ 1 0(DBSTKlcKiRSn-5, tttt^ 

[0 0 13] H8tc«. ±fRmti&mtmi^<D:^mrj&& 

UfcPtK4®affilC. 5 0 0'C-ClfSiHBSTS9€ 
mi OOnmm^L ftm^^7ii-r. C<D«18A»5. BI9 

*>. BST^-t/tv^'^cu-i'asss&s-r-sMis 
B © B s T ^*SH*^ 5 c t ic i t) T fe^ 

[0 0 14] H9tt. c:(OBSTK9S6 5 O'COKSI 
^Ha+TjSfeMaUTteSB STK 1 0 ^Jgi3ctfc«|jg 

[0015] HIOIC. ^2®a(DBST7* 6 5 0"C 


(4) 1$IB¥8-1 7 939 

6 

•Vm&LX, tttttefi*t;^<U-ir«JiE<z>/jN$|,iBST 

[0 0 16] HI IRCXHl 2ttffl<D||Jfi«^9*^L, Bl 

1 1 «. S«S<0Sffitca«OT I K6 

ri>mzSi^(OT im6^mxri>ct\z^-DX'hm0L 

10 ->U3>Stgi$Kfl:LTKfl;->U3>K2 0 

^iBJC»«®tLT«ig-r«T 1 K3 
oTiKiS 0 nmJgfiJcLZift, 2 0 0 n mCDKi?© P t R 
4*X/^y^'SICJ:t>T}|?J*-r-5. -tUT, 4 0 0'C-C 
ai*05^^>T lR6&#53nmffl3if«[-r5. St. 
BSTR5SrBST-fe7 5yi'X®^'-y>v h^ffll^T 

02 /Arm'tU7.9mm'pxm2 o o nmommzm 
a? B s TK 5 iciRiRsn^. -?-o«3asH 1 2 tc^r, » 

[0 0 17] HI 37JSBI1 5 ICffiO^Jfi«»JS^-r, H 

i3«. ±m^mmtmm\z. p tia4ogffit4 0 0 

BST + -\'/V>:J'C0»J-^«S5(DBS:il«, BSTM^£# 
50 S»*^^}gfS-r^Ci:lcJ:oTt)#?)ns, HI 4tt, 
5 0 0'CT#Sa©BSTlg9«ri»«Jl 0 0 nm 
JgjSf*. Cl©BSTIK9i£6 5 O-COKtS^H^tf-C 

SRjaauTJga^buyiiBSTKi 0 co^mi^x 
BSTKi otttttticfigs-&r<eaegt)/h5v^. s 

IC, ^<D^m\Zf&^f[nft8i^<DT i\t. ^2®gOB 
STKl OlCKiR$n-5. ^CDf^Sk, H150<t^lC, 

[0 0 18] ±iE(D&||ig09li. BST^eS^KSW^t 
iSfi^-frt*^ P tlS4©T«ScOS«aT i (^1t\tT 
BI16C, -E-©»rffiBI^^U, BI17JCPt40 

m^m<o^m\zm^tEnftT i^iTR-r. ?ta)mmm 
Aim 6 5 oro^s^HfitfTs o^m^Mm-ti>, 

C:0«/h<Sl«*^^«f^It6^ajai!«^S?S« (TEM) 
50 lC}g^-r^.C:iJC±oT. •J-i'«8SE**ffi^J>c04^-V/^-> 
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7 

irf^^T. H 1 3(0P tK4*6 5 0*C©K«»Hm+ 

n^£BSTK©^swg[fr-5;itjc<fcr3T, mmoB 

T 1 -^T i N^m^^ftm^T^hftiii, 
03. Sn0 2^«:fflViTt>J:V^. 

CO 0 1 9] MiZ. :^%^<D9i(Dmmmnk-r, :^^m 

-d?«iiSofiS$ai|gi-r*. HI SIC. *^JSWOi|4 

L T T i K 3 $ ;^ A ^ a ± o Ttt 5 0 n m 
JgJESL.. 2 0 0 nmcoSSffOP t 4Sr;^Ay^'feJCJ:o 
TJ^i^f^). -^-rog. BSTK5i£BST-fe75yi'X 
hS:ffltiT0 2/ArS^;</;^'t'Ti»l 0 On 
inOI!ai?lCitffl$-&*. -i^c^RSffiSSSiWe 5 O-CC 

BSTK5$ieS'ft:3-&^, ^-oa, 6 5 0"CT 
5^3'>KfklIiT i02Kl l*ffi*T»<. »5ninS 
i:««[-r-5. ^UT. Sa. aO©B 5X897*0 2/ 
ArS^;^f;^4'Tii!«J100n m<Die»{rJtS[-r-5. ^E"® 

;1CDT i 0 2K1 1 «. ^Og®6 5 0"C 

(DBST 7(D}g^lS-C. BSTK5. 7»CKiR$n. 
K5<»:7CDiK^ffi7l^e.tB«TSi5ICl,^^, 1${C. 3fi 

CO 0 2 0] &^±<D^mmx\t. BST©jgfigjagoj^ 

^'(CT i 0 2KS}e^-r-SCi:ICj:oT. P tSffi*^^ 

i 0 2K0T iTClStt. t)i:t>tBSTKJC^SnTVi 
•57c3ST*4feftJC. •5-<0^<Oie5fi(DXSTBST»lC 

^g'>$t>#ec:$;5:Vi. J:oT, *»?«<©«i«tt, BS 

BSTWSI^^SOBa, Sr. T i f?©^«»K$f J 

CO 0 2 1] ^fcSlC, BSTe;^©^SIS«^fJtCH 

»K« (Ba, Si) T103, SrTi03. BaT 
i03. (Pb, La) (Z r. Tl) 03. Pb (Z 
r. Ti) 0 3, PbT i 0 3^^&SI^SjfltbT^^ 


(5) 1$B8¥8-1 7 939 

CO 0 2 2] H19tt, T 1 02©}fAS*fflVi;t«SO 

■r^fcftc, WAS 1 1 t:^tism»mmaimm<D^^\z 

Ufc'> 'J 3 1 ©±lca«)B t UTT 1 as 3 SX^'t 
y^&\Z^-sXllf3 5 0 nmmA\y. 2 0 0nm05gMlO 
J(? P t 4 SX/X«y:?ffilCJ:oTJgfiKr5. ^<D^> 650 
'CT^^'Ve^kKT 10 28S1 lSffi»T»<. i»5n 
mSiflft«-r*. JSC. BST»7SBST-fe75yi^ 

0 nm(0IIS;9(:iiie[-r-&. -eoBS^OSfifiS^itiiie 5 0 

■ccfij^ B s T§8 7 ;i tTH 1 9 jc^-rw 

mtUi>. ift. T102lfASlltt, BSTS7IC 

b<. ±8BT 1 0 20ifAJgl 1 tm^<DU^)V\Z3b 
20 ^. 

CO 0 2 3] si±<D^mm\i, BSTO}g^as(oiD»a 

tJjtT^*. c:©«^T 1 0 2e©T i7C^5tt. 

icBSTKic^*nTVi^7C38-c*<E):t«>. iE-rosoies 

fi©ieTBSTg9{CKiKSnTL*5. J:-dT. St 
XSSttBSTJg/SXSTO+fflJfAKtt. Kfl^AU-^A 
JO r. SIC. BSTOSItS^JSOBa. Sr. T i <7)&S 

- hfe«fiJfflL/t^>juy;u}*Tfe«t);fSv>. mz, V)V 
y;i'ft«fflviTiisi«*^»KS}f?^i-<E>«-&, a«*a 

CO 0 2 4] 2lC*fc. *5!^lCj:5f^fflSft«tt. BS 

a. Sr) TlOj . SrTiOj . BaTiOi . 
(Pb. La) (Zr. Ti) Os . Pb (Z r. T 
i) 03 , PbTiOj ^i£S!fi!cS^^I<i:bT■&^T^»T 

CO 0 2 5] 

^efjuho)\z i o ^ mf&s^^Kmzisim-ftnt. 
50 'A<DmK>x3bi>. a«ttttiiga$}K^-r-53S5i«*t^»K 


—277— 


(6) 

9 

mi] *¥im<r>wimisim-r^^tb<D^mmi^ (bs 

T) ++y?->^«liiOSS5BfSHT*5. 

[0 2] OSISSWC*S3fi««*tc (BS 

T) +-\'/tv':5'K®"tiWXSO»fSBI-C*S. 10 

[0 3] :$:fS^omi (O^S&0!i-C&%!$SI«<|: (B S 
T) *-\'/'tv^'K©Slf»r®0T*5. 

[0 4] (O||iS0!lT«<&!iiSltt^ (BS 

[0 5] *^?«OS<lWSIJgfi^T*«!iiS!«{^ (BST) 

A ^' e<0 4^^180-?* 
[0 6] *%?g(DS«IO||«gea!T*4!fil!|«* (BST) 

/■^ K<0 * RflXSHT * 5. 
[0 7] *5E?^OSijOS^Sg^T*53fifl«* (BST) a? 
+ r/t->^K©Sa5»f®0T**. 
[08] *%?g©S«JOSIJgfi3|T*53SlSI«^ (BST) 
^ /t -> ^ 4" * 
[09] *^?^<DSiJO||J|0i!T»53IS!«*t: (BST) 

[010] *^?goSiJO||S6WT*-5^SI«**: (BS 
T) +-\'/1->^'KcD||g8»rS0T**. 

[011] *%?«<OSiJco|^Jg«aiT*-53SSI««: (BS 
T) +-\'/V>^lg(Dtt=PflXS0T*5. 


^*MV8-l 7 93 9 

10 

[012] *«?^©8iJ<DS^Sfi«T**3fiSI«**: (BS 
T) ^■vAv^'S<DSig»faSHT»<b. 

[01 3] *«?g©8ijO||Jg0!|-c**3fi0l«**: (BS 
T) +-V"'^v^'S©'*'WXS0-r*^.. 

[014] :^9S^(D8iJ(7}||J6MT%-&^EI«{ii: (B S 

T) +-vA->^'Ko*raxea-c*4. 

[01 5] 4i:f!^(OSiJ(O^iS09T»^3IK«fi: (BS 
T) =^^lrAv^'ROS«»rBi0T»«. 

[01 6] *56?«©»Joflifi«-cafe5aiR«**^ (BS 
T) +-v/^->^K0T«©«fr®aT*-5. 

[01 7] *^m<Dm<Dmmm-r:hi>^m9^iif^ (bs 

[01 8] :$i%m(D9i<D^mm-cibi^i^9» (bs 
T) =¥^/M^i^m<Dmmmmsi 

[01 9] *56?g0Sij0^ig«-C*53ISI««: (B S 
T) =1^-vA->^'RcDR«»riiH 
[??^©itt?g] 

1 ->'ja>SS 

2 K<k->'j3>8t (S i02 ) 

3 T IK 

4 p tK (tt«®RtrFffl«a) 

5 3i£l«<I^K (BST) 

6 a,^(DT i » 

7 (BST) 

8 P tJ8 (±S«S) 

9 l^4ia09fiSI«^S (BST) 

10 <IIM:U^9ISI«<|:K (BST) 
1 1 m^t^i'-Ol.m (T i O2 ) 


[01] 


[02] 




13] 


-h3 Ti 
2 SiOz 
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(8) 


4*ll¥8-l 7 9 


[BI9] 


[HI 0] 


efiBST 




-7 BST 

ISftBST 
4Pt 

2SiOz 

i>-isaifi 


can] 


[»1 2] 



[014] 


■^9#aj[3ST 




CHI 5] 


b- 10 sa?!"* 

tSABST 



CHI 6] 


CHI 7] 


6T* 




,6Ti« 


4Pt 
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(9) 


1*Bi¥8- 1 7 9 3 



(51) Int. CI. « mi?m ff^mm^n f i 

H 0 1 L 27/04 
21/822 


